10 11 12 31 77.7%, and 98.5% on a per-segment basis; 95.2%, 93.5%, 87%, and 97.7% on a pervessel basis; 100%, 32 85.7%, 93.3%, and 100% on per-patient basis, respectively. The mean effective dose was 1.9_1 mSv. 33 34 3
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AIM: To evaluate the image quality and diagnostic performance of coronary computed tomography 13 angiography (CCTA) in patients with high heart rate within a single cardiac cycle 14 using a 256-row detector CT system. 15 MATERIALS AND METHODS: Eighty-four consecutive symptomatic patients (mean age 60.4_9.1 16 years, 52 men) with suspected coronary artery disease and heart rate _75 beats/min undergoing CCTA 17 and invasive coronary angiography (ICA) were enrolled retrospectively. Prospective 18 electrocardiography (ECG)-triggered volume CCTA within a single cardiac cycle was performed using 19 a 256-row, 16 cm detector CT system (Revolution CT, GE Healthcare) using automated tube voltage 20 selection (kV Assist selecting 100 or 120 kV) and tube current modulation (Smart mA) techniques, 21 with images reconstructed using 50% of adaptive statistical iterative reconstruction-V (ASiR-V). The 22 image quality of coronary artery segments was evaluated by two reviewers using a four-point scale 23 based on 18-segment model. The diagnostic accuracy of CCTA to detect _50% stenosis on ICA was 24 analysed. The sensitivity, specificity, positive predictive value, and negative predictive value of CCTA 25 to detect a _50% diameter stenosis on ICA were calculated from the chi-squared test of the 26 contingency table on a per-segment, per-vessel, and per-patient basis.
27
RESULTS: The body mass index was 25.6_3.5 kg/m2; the HR was 82.8_7.9 beats/min, and the mean 28 HR variability was 8.3_4.8 beats/min. All of the coronary artery segments, 98.9% (1044/ 29 1056) of coronary segments were rated as having diagnostic image quality. The diagnostic sensitivity, 30 specificity, positive predictive value, and negative predictive value of CCTA, were 91.5%, 95.6%,
Introduction

37
Coronary artery disease (CAD) is the leading cause of morbidity and mortality in both developed 38 countries and developing countries [1] [2] [3] . In the past decade, coronary computed tomography 39 angiography (CCTA) has been established as an effective modality for the anatomical evaluation of 40 CAD. As a noninvasive imaging modality, CCTA is an ideal tool for quantifying the degree of stenosis 41 and for characterizing atherosclerotic plaques [4, 5] . One of the limitations of CCTA is the presence of 42 motion-related artifacts due to inadequate temporal resolution, especially in patients with high heart 43 rate (HR) [6, 7] . Although the HR of some patients can be reduced with use of β-blockers, 5-11% of 44 patients have contraindications to β-blockers [8] or higher doses of β-blockers are needed with longer 45 time to wait before the scan can be performed [9] . Attempts have been made to improve the image 46 quality by reducing the gantry rotation time, utilizing dual source acquisition techniques, increasing 47 detector row and using motion correction algorithm such as snapshot freeze (SSF) technique to reduce 48 motion artifacts. Sheta et al [7] reported that SSF reduced the motion artifacts by 30% to 41% in 49 comparison with standard algorithm in patient with low HR. Several studies reported high diagnostic 50 accuracy of CCTA using a dual source CT (DSCT) [8, 10, 11] and 64-detector row CT with SSF [12, 51 13] in patients with high HR. However, the effective dose was higher than 3.4 mSv. In addition，the 52 radiation-induced cancer associated with CCTA still remains a concern [12, 14].
53
The latest 256-row detector CT scanner with 160 mm cranial-caudal coverage, fast gantry rotation 54 time of 280 ms with the use of SSF can permit acquisition of the whole heart within a single cardiac 55 4 cycle, but also results in decreased radiation dose [15] . The diagnostic performance of this single 56 cardiac cycle CCTA in patients with HR≥75 bpm using the 256-row detector CT has not been reported.
57
The aim of this study was to evaluate the diagnostic performance of CCTA for detection of 58 significant stenosis in patients with HR≥75 bpm using a 256-row detector CT scanner. We hypothesize 59 that CCTA can be performed within a single cardiac cycle even at high HR, and high diagnostic 60 performance can be achieved at low radiation dose. Milwaukee, WI). The system provides 160 mm detector, a gantry rotation speed of 280 ms with motion 79 correction technology. Automatically selected tube voltage was set by kV assist and tube current by 80 Smart-mA based on the scout image of the patients. Prospectively ECG-triggered CCTA with volume 81 acquisition was performed within a single cardiac cycle. The data acquisition window was set at 82 35%-50% of the R-R interval when HR was 70-90 bpm, and 30%-60% of the R-R interval when HR 83 higher than 90 bpm. Scanning parameters included 256×0.625 mm collimation, and scan coverage was 84 120 mm, 140 mm or 160 mm with a matrix size of 512×512 pixels and reconstruction slice thickness 85 and slice interval of 0.625 mm. After placing an 18-gauge through an antecubital vein for all patients, 86 contrast agent of 60~70 ml (370 mg iodine/ml, Ultravist, Bayer Schering Pharma, Berlin, Germany) 87 was injected at 4~5 ml/s rate followed by 30~35 ml of normal saline with a dual-head power injector.
88
Coronary artery calcium scoring was not performed prior to the contrast-enhanced studies.
89
CCTA image reconstruction and analysis 90 Images were reconstructed using 50% of adaptive statistical iterative reconstruction-v (ASIR-V, GE 91 Healthcare, Milwaukee, WI) algorithm. The cardiac phase to evaluate was selected as the one with 92 minimal coronary motion, and the SSF motion correction algorithm was applied whenever required to 93 further minimize artifacts. SSF uses data from 3 neighboring phases of the same cardiac cycle, with the 94 center phase being the prescribed phase of interest, to estimate and compensate for motion [13, 16] . For 95 image quality analysis, datasets were transferred to a workstation with post-processing software 96 (Advantage Workstation 4.6; GE Healthcare), with analysis performed with both standard formats 97 6 (axial, multi-planar reformations [MPR] , and curved multi-planar reformations [CPR] In the present study, the mean age was 60.2±8.9 years (range: 34-77 years), 52 (61.9%) of 140 patients were male. Mean HR during the scan was 82.8±7.9 bpm (range: 75~117 bpm). The median 141 time between CCTA and ICA was 10 days (range 1~26 days). The DLP and ED was 141.8±70.5 142 mGy×cm and 1.9±1.0 mSv, respectively. Details of clinical characteristics are provided in Table 1 In this trial population, there was a high prevalence of CAD (66.7% for ≥50% stenosis at ICA). 
156
The diagnostic accuracy of CCTA on per-segment, per-vessel and per-patient level were 95.0%, 94.0% 157 and 95.2% respectively. The diagnostic performance of CCTA for the detection of ≥50% stenosis on 158 per-segment, per-vessel and per-patient level assessment is detailed in Table 3 . CCTA overestimated 159 stenosis in 4 patients, including 2 patients with significant coronary artery calcification and 2 patients 9 due to motion artifacts (false positives). Of 336 coronary arteries, 100 (29.8%) were found to have at 161 least one ≥50% stenosis at ICA. There were 15 false-positive and 5 false negative results at per-vessel 162 assessment in CCTA. One hundred and thirty-nine of 1056 (13.2%) segments were noted to have at 163 least ≥50% stenosis at ICA. There were 40 false positive and 13 false negative results at per-segment 164 analysis as assessed at CCTA. Comparison of CCTA with ICA for a coronary stenosis ≥50% for the 165 per-patient level evaluation demonstrated that the AUC was 0.93 (95% CI: 0.84~1.00) (Figure 4) . The 166 weighted kappa value for agreement between two independent readers in CCTA was 0.84 and in ICA 167 was 0.93.
168
Only 4 left main arteries in this group of patients were detected with ≥50% stenosis by CCTA and 169 ICA, and no significant difference was found between CCTA and ICA. We also investigated the CCTA 170 on diagnostic performance of other three main coronary arteries. The findings showed the sensitivity 171 and specificity of 97.8% and 84.2% on left anterior descending (LAD), 95.7% and 93.4% on left 172 circumflex (LCX), 93.8% and 94.2% on RCA, respectively (Table 4) (Table 2) . Overall, the radiation dose was less than 1.0, 2.0, and 3.0 mSv in 22 (26.2%), 43 (51.2%), 10 and 74 (88.1%) patients, respectively. The mean ED was 2.0 mSv in 15 patients with HR above 90 bpm, 182 which was slight higher than the 1.9 mSv in 69 patients with HR below 90 bpm, because of the wider 183 exposure window.
184
Discussion
185
The primary finding of this study is that CCTA using a 256-detector row CT within a single 186 cardiac cycle allows coronary artery imaging with high diagnostic accuracy in patients with HR higher 187 than 75 bpm and lower than 117 bpm, with radiation dose below 3.0 mSv in more than three fourths of 188 the patients. per-patient level in 36 patients. The mean HR was 71.8±12.7 bpm, whereas, the ED was 13.2±1.8 203 mSv, which was relatively high due to the use of retrospectively ECG triggered scanning. The 204 diagnostic accuracy was 95.2% on per-patient level and the ED was 1.9±1.0 mSv in 84 patients in our 205 study, which is consistent with these reports in terms of diagnostic accuracy, but with much lower dose.
206
A similar previous study by Koplay et al. [2] reported that the ED was 1.9±0.3 in 23 patients with HR 207 70-80 bpm, which was performed on a different scanner (dual source CT), however not all of patients 208 underwent ICA. Li et al. [22] reported similar sensitivity and specificity of LAD, LCX, RCA when 209 compared our study (Table 4) , however, they used a 64-row detector CT scanner with SSF technique 210 implemented in 46 patients with mean HR below 70 bpm.
211
Two studies [23, 24] showed that prospectively ECG-triggered CCTA in a single cardiac cycle can 212 achieve high image quality and accuracy with low radiation dose using wide detector and single source 213 CT scanner, but limited to patients with HR lower than 75 bpm. Detector of 160 mm in combination 214 with gantry rotation speed of 0.28s/r on a latest 256-row detector CT also permits single cardiac cycle 215 acquisitions [9] . In clinical practice, some patients may have contraindications to β-blockers and low 216 HR cannot be achieved. In our study, we enrolled patients with HR≥75 bpm and the highest HR up to 217 117 bpm, who were performed in a single cardiac cycle using this latest CT scanner. SSF technique was 218 used in most patients in this study (64 of 84 patients, 76.2%) to correct motion artifacts. However, the 219 use of SSF was not directly associated with the HR and target phase, which was determined by the 220 image quality of coronary artery. A recently published study reported similar findings to our results. 
226
In addition, iterative reconstruction techniques have been reported recently to improve the image 227 quality and reduce radiation dose and improve diagnostic accuracy to some extent [9, 25, 26] . In this 228 study, ASIR-V 50% was used in all patients for image reconstruction; therefore, this could contribute to 229 the high percentage of diagnostic image quality and low radiation dose in this patient group.
230
Radiation dose is directly related to the scan length, which is the DLP. Generally, scan range starts 231 at the tracheal bifurcation and extends below the cardiac border by scout image [27] . In most cases of 232 this study (80 of 84 patients, 95.2%), the entire heart could be scanned within a 140 mm. The mean ED 233 of 1.9 mSv in this study is higher than that reported in some recent studies with mean ED less than 234 1.0mSv [28] [29] [30] . However, different modes of high-pitch with dual-source CT were used in those 235 studies, also with inclusion of patients with different heart rates. Given the average high HR included 236 in this study, we consider the ED of less than 2 mSv is within acceptable range for diagnostic purpose 237 of CCTA, although further dose reduction would be desirable with more intensive use of dose-lowering 238 techniques.
239
Our study has several limitations. First, the sample size is relatively small and it represents a 240 clinically based cohort of patients undergoing CCTA and ICA examinations. Thus, the selected study 241 cohort had high prevalence of significant CAD, and this may affect the diagnostic value of CCTA, in 242 particular the specificity. Therefore, our results need to be interpreted with caution. Studies with 243 inclusion of patients with low to intermediate likelihood of CAD but with high HR are needed to 244 13 determine the diagnostic value of CCTA. Second, since the patients with low HR were not included in 245 this study, we could not compare the diagnostic performance between the patients with different heart 246 rates. Further, this was a single center cross-sectional study. Thus, our results need to be confirmed in a 247 larger series of patients, preferably including patient populations from multiple institutions. Third, 248 although ICA is the reference method for determination of stenotic lesions, it does not provide 249 lesion-specific ischemic changes in the coronary artery. Quantitative angiographic analysis of fractional 250 flow reserve determinations should be employed for either CCTA or ICA in future studies. Finally, we 251 only conducted qualitative assessment of image quality, while quantitative analysis of image quality 252 was not performed, as our focus is to determine the diagnostic value of CCTA in CAD in clinical 253 practice.
254
In conclusion, our results show that CCTA using a 256-detector row CT with SSF technique can be 255 performed in a single cardiac cycle with acquisition of images with high diagnostic value and low 256 radiation dose in patient with high HR. This scan model will greatly widen the scope of its applications 257 with patients who have contraindication to β-blockers.
258
